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Interfacial and Flow Properties of Imidazolium-Based Ionic Liquid
Modified Highly Filled MH/LLDPE Flame Retardant Composites
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(1. School of Materials Science and Engineering, East China University of Science and Technology, Shanghai 200237, China;
2. School of Chemical Engineering, Qinghai University, Xining 810016, China)

Abstract: To address the challenges of poor flowability, difficult processability, and deteriorated mechanical properties in
highly filled polymer composites, a simple and cost-effective modification strategy is proposed by the direct incorporation of
an ionic liquid (IL) with excellent flowability. An ionic liquid, 1-butyl-3-methylimidazolium phosphate ([BMIM]PA), was
synthesized by a two-step method. A series of highly filled magnesium hydroxide (MH)/linear low-density polyethylene
(LLDPE) composites (with a mass ratio of MH to LLDPE of 60:40) containing various amounts of [BMIM]PA were then
prepared by melt blending. The investigation of their processing, rheological, mechanical and flame retardant properties
revealed that the processing properties and impact toughness were significantly improved with the introduction of
[BMIM]PA, while maintaining the flame retardant properties of the composites. Notably, when the addition of [BMIM]PA
was 5%(mass ratio of [BMIM]PA to MH and LLDPE), the equilibrium torque was reduced by 9.7%, the melt flow index was
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increased by 119%, and impact toughness was increased by 69%. These improvements are attributed to the enhanced
dispersion of [BMIM]PA on MH in the matrix and its good lubricating effect. This study provides a new idea for the

application of IL in highly filled polymer composites.
Key words: ionic liquid; highly filled MH/LLDPE composite; rheological property; toughness; flame retardancy
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Fig. 1 Synthesis route of [BMIM]PA

(1) IL B A A G 858, BC— i A0 1-H ke 55 0k 5 B YR T e T2 A Ml g 2 38 9 — RS i , ZE R
SRR, NI 35 °C, [ 24 he $BE, HOR CFRZ WL . 85, I IERs 22 A AL R 5 O 1R TR, 433
T O B FRAR A, B 1-T -3 JEpk e B ([BMIMBr) o 555, K [BMIM]Br 7E 35 °C EL28 THR 40 v 4
24 h .

(2) BAR IL B4 B 158, B — 5 A9 [BMIM]Br LA ZK H1 ([BMIM]Br 5K 9 R w2t ol 1:5), 765

FHREHR A P Pl e iR i . SRJG N A — &/ PA(PA 5 [BMIM]Br FU¥ R 2t 1:1), 16 90 °C F, %
EE IR 36 h, 152 H A ZEFRI AR, B [BMIMIPA. fi)5, K [BMIM]PA 7€ 60 °C F B2 T4 24 h 45 H .
1.3.2 & 3 & MH/LLDPE #= MH/[BMIM]PA/LLDPE & & #F #t69 #1 & R A MR 6l & & EH
MH/LLDPE FI MH/[BMIM]PA/LLDPE & & #1 %L, #£ & 185 25 ML J7 WL 46 1. & 8, ¥ MH. [BMIM]PA 1
LLDPE #% 3% 1 Fi7n BB 77 B &, B S K SR A 90 A 2] Haake % 56 3 A8 (S0 (479 it R, TR B
180 °C, % #2440 r/min, IR IS [H] 4 10 min, BRI 4R G T 6 IR, [Fl—2H BUFE St A6 147 BLA ARG (1Y
FEIME L BB HUK IR A 2 A PRHE 180 °C R HE 6 min, 2R 5 76 HIK G R £ 48 F hiJE 6 min J&
R o SR, e BRI AR o R 5T A5 B A A%



4513 ZEUNZ, 45 DRMESK B A iR BUSEMH/LLDPERH AR & & b dek S ifT B A5 R f s 27

# 1 SHi3 MH/LLDPE Al MH/[BMIM]PA/LLDPE & & ¥ K046 4% M fic 5
Table 1 Code names and formulations of MH/LLDPE and MH/[BMIM]PA/LLDPE composites
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Fig. 3 Processing torque-time curves of MH/LLDPE composites with different contents of [BMIM]PA
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Fig. 4 (a, b) Morphological characteristics of pristine MH; (c, d,, d,, e;, €,) Micromorphology and (d;, e;) elemental distributions of the frozen
brittle surfaces of (c) pure LLDPE, (d) MH/LLDPE and (¢) [BMIM]PA-5
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Fig.5 (a) MFI; (b) complex viscosity (") versus frequency (w); (c) storage modulus (G"), loss modulus (G") versus w; (d) Han curves (G' ~
G"); (e) Cole-Cole curves (imaginary viscosity (#") versus dynamic viscosity (#')) of pure LLDPE and composites
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